1. Introduction
===============

Fulminant type 1 diabetes mellitus (FT1DM) is a new subtype of type 1 diabetes mellitus. The onset of this disease is rapid, and the function of islet β cells is almost completely lost in a short time period. This metabolic disorder is severe, and the clinical manifestations are nonspecific. Unless a timely and accurate diagnosis is made and patients receive prompt treatment, it is difficult to control the disease, and the risk of death is high. Because FT1DM is relatively rare and case reports are limited, the clinical data of the 2 FT1DM patients treated in the Department of Endocrinology in our hospital were summarized and analyzed, and a literature review was conducted to provide a reference to improve the knowledge level of clinicians diagnosing and treating this class of rare disease with the aim of avoiding misdiagnoses and missed diagnoses.

2. Case descriptions
====================

Case 1: a 37-year-old male patient was hospitalized in the endocrinology department of our hospital due to emesis and diarrhea for 2 days; no previous hypertension, coronary heart disease, or diabetes history was reported. Furthermore, no hepatitis or tuberculosis history was reported. Moreover, the patient reported that he had no history of trauma surgery, no food and drug allergies, and no family history of diabetes. After admission, a physical examination was conducted: temperature (T), 36.7 °C; pulse rate (P), 102 bpm; respiratory rate (R), 18/min; blood pressure (BP) and 100/58 mmHg. The patient was lucid but in low spirits. There was no obvious yellow in the skin and sclera. Clear breathing was heard in both lungs (obvious rhonchus and moist rales were inaudible). The heart rhythm was regular (pathologic murmur was inaudible). The patient presented with a normal abdomen with no obvious tenderness and rebound tenderness; an unaffected liver, spleen and subcostal; no sensitive percussion of either kidney, no hyperactive bowel sounds; and no edema in either of the lower extremities.

After admission, a routine blood examination was immediately conducted: (Table [1](#T1){ref-type="table"}), and the patient was diagnosed with diabetic ketoacidosis (DKA). After admission to our department, the relevant examinations were further completed (Table [2](#T2){ref-type="table"}). The patient was diagnosed with FT1DM complicated with DKA. After admission, administration of adequate liquid infusion, intravenous injection of regular insulin to reduce blood glucose, and correction of electrolyte disturbance and acid-base imbalance were conducted. Subsequently, the blood glucose level was gradually reduced, acidosis was corrected, and disease conditions gradually stabilized. The relevant examinations and tests were reconducted (Table [1](#T1){ref-type="table"}). After the patient was treated with insulin glargine combined with insulin aspart, his blood glucose levels gradually became stable. At discharge, the prescribed blood glucose regulation regimen was as follows: subcutaneous injection of insulin glargine (12 U) before sleep and subcutaneous injection of 4 U, 6 U, and 6 U of insulin aspart before breakfast, lunch, and supper, respectively. The treatment continued after discharge for half year, whereupon relevant examinations and tests were reconducted (Table [2](#T2){ref-type="table"}).
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Comparison of data before and after treatment in 2 cases.
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Comparison of data before and after treatment for half year in 2 cases.
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Case 2: a 48-year-old male patient was admitted to the ICU of our hospital due to "stomachache for 8 days, accompanied by emesis and dyspnea for half an hour". The patient had received laparoscopic renal cyst excision previously. The patient had no previous history of hypertension, coronary heart disease, or diabetes, and neither did he have a history of hepatitis or tuberculosis. Furthermore, the patent had no family history of diabetes. After admission, a physical examination was conducted: T, 35.9 °C; P, 107 bpm; R 36/min; BP, and 150/63 mmHg. The patient presented with orthopnea with heavy breathing sounds in both lungs but inaudible rales. The heart rhythm was regular (no murmur). The patient presented with a normal abdomen with audible borborygmus but with lower left abdomen tenderness and no rebound tenderness. There was no edema in either of the lower extremities.

After admission, the relevant examinations and tests were completed (Table [1](#T1){ref-type="table"}). Bedside ultrasonic monitoring indicated that the size of various atrioventricular cavities was not abnormal, a small amount of reflux was present in the mitral valve and tricuspid valve, and the left ventricular diastolic function was reduced but its systolic function was normal. Furthermore, a light fatty liver was present, and the gall bladder demonstrated multiple polyp-like changes, but there were no obvious abnormalities in the pancreas, spleen or either of the kidneys. After admission, adequate fluid infusion was conducted to manage blood glucose, correct acidosis, ensure adequate glucose supply, reduce ketone generation, maintain organ function and maintain homeostasis. After group consultation in our department, the patient was transferred to the other department for treatment. After department referral, the relevant examinations and tests were conducted (Table [2](#T2){ref-type="table"}). The patient was diagnosed with FT1DM complicated with DKA. After admission, administration of adequate liquid infusion, intravenous injection of regular insulin for reducing the blood glucose levels, and correction of electrolyte disturbance and acid-base imbalance were conducted. Subsequently, the blood glucose level of the patient was gradually reduced, the acidosis was corrected, and the disease conditions gradually stabilized. The relevant examinations and tests were reconducted (Table [1](#T1){ref-type="table"}). At discharge, the subcutaneous injection of insulin glargine (23 U) was prescribed before sleep, and the subcutaneous injection of 8 U, 7 U, and 4 U of insulin aspart were prescribed before breakfast, lunch and supper, respectively. The treatment continued after discharge for half a year, whereupon the relevant examinations and tests were reconducted (Table [2](#T2){ref-type="table"}).

3. Ethic statement
==================

Our institutional review board requirements were waived due to the retrospective nature of this study. Informed consent was obtained from the patients for the publication of this case report.

4. Discussion
=============

FT1DM is a special type of type 1 diabetes mellitus that was first proposed by the Japanese scholar Imagawa^\[[@R1]\]^ in 2000. The specific etiology and pathogenesis of FT1DM are unclear and may be related to genetic predisposition, autoimmunity, virus infection, and pregnancy.^\[[@R2]\]^ At present, there are obvious regional and racial differences for FT1DM. According to the available literature reports, this disease is mainly found in the Asian yellow race. The reports of FT1DM are mostly concentrated in the East Asian population. The morbidity is higher in Japan, and reports related to this disease have been increasing in recent years.^\[[@R3]--[@R4]\]^ In the included data, both patients denied having a family history of diabetes. FT1DM was first reported by Imagawa and other Japanese scholars. Thus, the analyses of genetic predisposition are mostly based on the Japanese population, and there are no special genotype reports in China and other Asian regions. However, Tanaka et al reported that lymphocyte infiltration was found in the internal and external tissues of the pancreas at autopsy in one case of a dead patient with FT1DM. Therefore, scholars also believe that the immune system is partially involved in the onset of FT1DM.^\[[@R7]\]^ Imagawa et al^\[[@R1]\]^ reported that the vast majority of FT1DM cases tested negative for diabetes autoantibodies, but a small number of patients tested positive, although their antibody titer was low. For the 2 included patients, there were gastrointestinal prodromal infection manifestations before FT1DM onset, and it was hypothesized that onset was possibly related to virus infection. Tetsuro et al,^\[[@R5]\]^ utilizing immunohistochemical methods, discovered that retinoic acid-induced protein 1-like helicase (RIG-1) and TOLL-like receptor (TLRS) play an important role in FT1DM islet-β cell damage induced by enterovirus. Tanaka et al^\[[@R6]\]^ reported that enterovirus infection drives chemokine ligand 10 (CXCL10) expression on islet β cells, activating macrophages which attack the islets and further activate cellular immune responses, resulting in irreparable damage to the islet β cells. Pregnant women are the population susceptible to diabetes and are at especially high-risk of developing this disease. In particular, diabetes onset is more common in the last 3 months of pregnancy and in the 2 weeks after delivery.^\[[@R8]\]^ At present, there are no uniform diagnostic criteria for FT1DM, and the diagnosis is usually based on the criteria proposed by Imagawa et al^\[[@R1]\]^ and Hanafusa and Imagawa.^\[[@R9]\]^ If fully compliant with the following 3 criteria, FT1DM may be definitively diagnosed:

1.  Hyperglycemia symptoms appear within 7 days, and diabetes ketosis or ketoacidosis and positive or increased urine and/or serum ketone occur soon after.

2.  At initial diagnosis, the blood glucose level is more than 16.0 mmol/L or 288 mg/dL, and the glycosylated hemoglobin (HbA1c) level is \<8.5%.

3.  The urine C-peptide base value is \<0.3 ng/mL (\<0.10 nmol/L), and the urine C-peptide value after glucagon stimulation is \<0.5 ng/mL (or \<0.17 nmol/L). If the above 3 criteria are met, the disease can be diagnosed as FT1DM.

If a patient complies with (2) and (3), and the disease course is longer than one week, FT1DM should be highly suspected. In addition, other common clinical characteristics include the following: ![](medi-98-e14319-i001.jpg) Islet-related autoantibodies are usually negative; ![](medi-98-e14319-i002.jpg) Onset often occurs within one week, but some patients fall ill within 1 week, and some patients fall ill within 1 to 2 weeks; ![](medi-98-e14319-i003.jpg) Serum pancreatic enzyme in 98% patients (including amylase, lipase, elastase -1 and phospholipase) rises to different extents, while pancreas ultrasonography or pancreas CT show no obvious abnormality; ![](medi-98-e14319-i004.jpg) 70% of patients present fever, upper respiratory infection or gastrointestinal premonitory symptoms; and ![](medi-98-e14319-i005.jpg) disease may occur after pregnancy or delivery. In the reported case studies here, both patients complied with the first 3 criteria and presented with gastrointestinal manifestations, but their serum pancreatic enzyme levels were normal. Some studies^\[[@R10]--[@R11]\]^ found the pathological changes in the pancreas through autopsy, but these changes were reported to be different from acute pancreatitis. Tang et al^\[[@R12]\]^ previously found that the total amylase of an FT1DM group was higher than that of a T1DM group, but pancreatic enzyme elevation occurred in both FT1DM patients and patients with type 1 diabetes. Therefore, pancreatic enzyme elevation is not a characteristic manifestation of FT1DM patients. Some scholars speculate that the pancreatic enzyme elevation is possibly related to damage to multiple internal organs caused by strong systemic immune or inflammatory responses induced by various causes (such as virus infection).^\[[@R13]\]^ Some researchers believe that pancreatic enzyme elevation is mainly caused by severe metabolic disorders such as acidosis.^\[[@R14]\]^ For FT1DM patients, the onset is rapid, the metabolic disorder is serious, and the disease is critical. If diagnosis and treatment are not timely, the prognosis is poorer, the fluctuation in glucose levels is greater, and the incidence of serious hypoglycemia is higher.^\[[@R15]\]^ Islet β cells of this type of patient are almost always completely damaged. Therefore, these patients must rely on insulin therapy for long lives, and wearing an insulin pump is a better therapeutic regimen. Due to their respective family economies, the 2 patients in this case report used the "base plus meal" regimen after discharge, conducting multiple subcutaneous injections of insulin for blood glucose control, and the blood glucose fluctuation in the follow-up examination of the patients was large.

5. Conclusion
=============

Because patients with FT1DM have no history of diabetes and because the understanding of this new type of diabetes is lacking, FT1DM may be explained by prodromic infection history and be easily misdiagnosed as a digestive tract infection, upper respiratory infection (URI), pancreatitis or myocardial infarction. Therefore, anti-infection treatment may be conducted blindly, for example, by infusing a large amount of sugary liquid. Therefore, the initial manifestations are upper respiratory and gastrointestinal symptoms. For patients who do not show obvious improvement after conventional treatment, blood glucose should be determined in a timely manner. For patients who initially have diabetes and who rapidly present with ketosis or DKA, the disease history should be obtained to evaluate the possibility of FT1DM onset. As FT1DM patients present serious dehydration at the early stage of onset and even have circulatory disturbance or poor subcutaneous absorption of insulin, insulin pump therapy is not recommended, and intravenous infusion of insulin should mainly be administered. At the same time, damages to the function of multiple organs including the heart, liver, kidney and striated muscle should be prevented. After correction of acidosis, the intensive therapy of premeal quick-acting or short-acting insulin combined with moderate- and long-acting insulin before sleep is the most common long-term therapeutic regimen, and few patients use the continuous subcutaneous infusion of insulin. According to the analysis of the data from the 2 patients diagnosed in our hospital and a review of the relevant literature, clinical workers should improve their understanding of FT1DM to effectively treat this type of patient and avoid multiple organ damage in patients. At the same time, follow-up management of blood glucose to delay the occurrence of complications should be conducted.
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